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(54) Copy protection of video signals 

(57) An analog color video signal is prevented from 
being satisfactorily copied by inserting a phase-shifted 
color burst signal (b, c) of predetermined duration into 
a predetermined location of the usual burst interval (a) 



of that analog color video signal. The predetermined lo- 
cation may precede the normal color burst signal, or it 
may follow the normal color burst signal or it may be 
located in the middle of the burst interval. 
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D scription 

This invention relates to copy protection of video 
signals. 

Copy protection techniques for preventing the un- 
authorized copying, or re-recording, of analog video sig- 
nals, have been proposed. Such techniques, also re- 
ferred to as copy guard processing, generally employ 
either or both of two separate processes. In one copy 
guard technique, the usual automatic gain control 
(AGC) circuit of an analog video recorder is deceived 
into detecting a signal level that appears to be too high, 
thereby reducing the gain of the video signal that is re- 
corded; and as a result, the level of the recorded signal 
is too low to recover. Such an AGC copy guard process 
inserts pulses, referred to as pseudo-sync pulses, in 
predetermined line intervals of the usual vertical blank- 
ing interval of the analog video signal. 

Fig. 10A schematically represents those line inter- 
vals of the vertical blanking interval into which the pseu- 
do-sync pulses are inserted; and Fig. 10B represents a 
number of cycles (e.g. 5 cycles) of such pseudo-sync 
pulses. 

Typically, the AGC circuit of a consumer-type ana- 
log video recorder detects the difference between the 
sync tip level and the reference level of the video signal 
in the vertical blanking interval. This difference is called 
the AGC reference level, shown in Fig. IOC, and differ- 
ences in the AGC reference level are used to vary the 
gain of the recording circuitry. However, when the pseu- 
do-sync pulses are inserted into these line intervals, 
such as shown in Fig. 10B, the AGC reference level de- 
tected by the AGC circuit of the video recorder now ex- 
tends between the negative tip of the pseudo-sync puls- 
es and the positive tip of those pulses, the latter admit- 
ting of a level p above the expected reference level. This 
deceptively large AGC reference level causes the AGC 

recording circuit, thereby reducing the recorded level of 
the video signal to substantially zero. 

While the use of such pseudo-sync pulses has prov- 
en effective in most consumer video recorders, a 
number of video recorders do not rely upon the differ- 
ence between the sync tip and the reference level ot the 
video signal in the horizontal blanking interval to control 
the gain of the recording circuits. Examples of such vid- 
eo recorders include p-type recorders; 8 mm video re- 
corders and certain sophisticated VHS type video re- 
corders. 

In an effort to prevent the unauthorized copying of 
color video signals in such analog video recorders, a so- 
called color stripe copy guard technique has been intro- 
duced. In the color stripe process, the phase of the usual 
color burst signal is inverted on a generally repetitive 
basis. For example, the color burst signal in a block of 
two line intervals or in a block of four line intervals is 
inverted; and each frame is formed of a number of 
blocks having a repetitive pitch, for example, twenty 



2 

lines. As a numerical example, the phase of the color 
burst signal may be inverted in lines 22 and 23, 42 and 
43, 62 and 63. etc. Because of such phase inversions, 
when this analog video signal is recorded, the automatic 

s phase control (APC) circuit of the recording circuit is 
subjected to error; and the resultant video picture that 
ultimately is reproduced from that recorded signal ex- 
hibits annoying color stripes, such as shown in Fig. 11 . 
Since the color burst signal of a relatively small per- 

10 centage of the line inten/als exhibits phase inversion, 
the phase locked loop (PLL) circuit of the APC circuit in 
a conventional television receiver normally is not affect- 
ed. This is because the time constant of such PLL circuit, 
arid particularly the PLL circuit that generates the local 

15 sub-carrier used to demodulate the color signal in the 
television receiver, exhibits a relatively high time con- 
stant. Consequently, the PLL circuit is unable to follow 
relatively brief burst signal phase perturbations, such as 
those phase inversions that occur every two- or every 

20 four-out-ol-twenty lines. But, since the APC circuit of th 
consumer analog video recorder exhibits a low time con- 
stant, such APC circuit is able to follow these phase in- 
versions, which are interpreted as phase errors and are 
used by the video recorder to correct such non-existent 

25 errors. Hence, the inherently rapid response time of the 
video recorder APC circuit results in the recording of de- 
teriorated video signals. 

However, when color stripe processing is used to 
record the video signal of pre-recorded video tapes, 

30 such as pre-recorded tapes that are commercially avail- 
able for sale or rental, the rapid response time of the 
APC circuit in the playback circuit enables the video re- 
corder to follow and "correct" for such phase inversions. 
Consequently, when a pre-recorded video tape having 

35 color stripe processed video signals recorded thereon 
is reproduced, the resultant video picture often exhibits 
undesired defects. 

analog cobr video signal from being satisfactorily cop- 
40 ied by an analog video recorder, wherein said analog 
color video signal includes a color burst signal of refer- 
ence phase located in a burst interval in respective line 
intervals, said method comprising the steps of: gener- 
ating a phase-shitted color burst signal; and inserting 
45 said phase-shifted color burst signal in a predetermined 
location for a predetermined duration in said burst inter- 
val. 

Embodiments of the invention can provide an im- 
proved color stripe processing technique which pre- 
50 vents an analog color video signal from being satisfac- 
torily copied, but, nevertheless, permits an acceptable 
video picture to be reproduced therefrom. 

Embodiments of this invention can provide an im- 
proved cobr stripe processing t chniqu which can be 
55 applied to pre-recorded video tapes without introducing 
defects or deterioration into the video picture repro- 
duced from those tapes. 

Embodim nts of this invention can provide an im- 
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proved color strip proc ssing technique that can be 
used to prevent a pre-recorded video tape fronn being 
copied but. nevertheless, pemnits an acceptable video 
picture to be reproduced from such pre-recorded video 
tape. 5 

Ennbodinnents of the invention can provide a copy- 
protected record mediunn which will not be satisfactorily 
copied but wilt permit an adequate video picture to be 
reproduced therefrom. 

In accordance with at least embodiments of this in- 
vention, a copy guard technique is provided wherein a 
copy protection signal formed of a phase-shifted color 
burst signal of predetermined duration is inserted into a 
predetermined location of the usual color burst signal of 
an analog video signal. Preferably, the phase-shifted ^5 
color burst signal exhibits a phase shift of 90° or 180" 
relative to the phase of the normal color burst signal. 

In accordance with at least embodiments of this in- 
vention, the phase-shifted color burst signal is inserted 
Into a location in the burst interval which precedes the 20 
normal color burst signal. Preferably, the duration of the 
phase-shifted color burst signal commences before the 
burst interval begins and terminates during a beginning 
portion of the burst interval. 

In other embodiments of this invention, the phase 2S 
shifted color burst signal is inserted into the burst inter- 
val at a location which follows the normal color burst sig- 
nal. Preferably, the inserted phase-shifted color burst 
signal commences at the time that the normal burst in- 
terval ends. Alternatively, and as another feature, the 30 
phase-shifted color burst signal commences before the 
normal burst interval ends and terminates after that 
burst interval ends, such as a number of burst signal 
cycles after the end of the burst interval. 

In other embodiments of this invention, the phase- 35 
inverted color burst signal both precedes and follows the 
normal color burst si g nal. 



ample with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Figs. 1A and 1B schematically represent the burst 
signal that is recorded and reproduced, respective- 
ly, by a consumer video recorder; 
Figs. 2A-2D are waveforms according to embodi- 
ments of the present invention; 
Figs. 3A and 3B are waveforms representing the 
color burst signal, modified in accordance with em- 
bodiments of the present invention, which Is record- 
ed and reproduced, respectively, by a consumer 
video recorder. 

Fig. 4 Is a block diagram of apparatus according to 
an embodiment of the Invention; 
Figs. 5A-5D are waveform diagrams which illustrate 
different embodiments of the present Invention; 
Figs. 6 A and 6B are waveform diagrams represent- 
ing a copy guard technique in accordance with an 
embodiment of the present inventions; 
Figs. 7A and 78 schematically represent blocks of 
copy protection signals produced in accordance 
with an embodiment of the present invention; 
Fig. 8 schematically represents the location in a nor- 
mal burst Interval of phase-shifted burst signals in 
accordance with different embodiments of the 
present invention; 

Fig. 9 schematically represents yet another embod- 
iment of the manner in which phase-shifted color 
burst signals are inserted Into the burst interval of 
a copy-protected video signal; 
Figs. 10A-10C are timing diagrams which schemat- 
ically represent a previously proposed copy guard 
technique using AGC processing; 
Fig. 11 schematically represents a video picture 
produced from a copy^protected video signal that 



shifted color burst signal is inserted into the central por- 
tion of the normal burst interval. 

Preferably, the amplitude of a portion of the phase- 
shifted color burst signal is increased relative to the am- 
plitude of the normal color burst signal. 

Preferably, the phase-shifted color burst signal Is in- 
serted in a pre-determined number of successive line 
intervals of the analog color video signal, such as in two 
or four successive line Intervals, thereby constituting a 
block, and these blocks exhibit a repetitive pitch in each 
field or in alternate fields of each frame of video signals. 
Altematively, the block of line intervals which contains 
the phase-shifted color burst signal may be provided on- 
ly in the vertical blanking interval of the video signal. 

Preferably a record medium is copy-protected by 
recording thereon information which, when reproduced, 
causes the phase-shifted burst signal described above 
to be generated and inserted into the produced video 
signal. 

The invention will now he described by way of ex- 



40 Referring now to Fig. 1 A, there Is Illustrated a wave- 
form of a portion of the horizontal blanking interval of 
each line of an analog color signal. As is conventional, 
the horizontal blanking Interval includes the horizontal 
synchroriizing pulse h foltowed by the burst interval a. 

45 thelatter Including a predetermined number of cycles of 
the chrominance subcarrier which, in the NTSC system 
is about 9 cycles at a frequency of about 3.58 MHz. Fig. 
1A illustrates that the envelope of the burst signal in- 
creases and decreases gradually, that is, the envelope 

50 thereof does not change Instantaneously from its blank- 
ing level (10 IRE) to its reference level (30 IRE). 

As is known, when an analog color video signal is 
recorded on a conventional analog video recorder, the 
color signal components, indluding the burst signal, are 

55 down-converted to a frequency band below the frequen- 
cy band of the luminance components; and when the 
recorded color video signal is played back, the color sig- 
nal mmpnnents , including the hurst signal , are recon- 
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verted to their original frequency band. As a result of the 
down-conversion and up-conversion of the burst signal, 
the burst inten/al shown in Fig. 1 A tends to expand so 
as to exhibit the waveform shown in Fig. IB. This ex- 
pansion, referred to herein as time-axis expansion, 
tends to "stretch" the burst interval, thereby substantially 
eliminating the spacing between the end of the horizon- 
tal synchronizing pulse and the beginning of the burst 
signal. The present embodiments rely upon this inherent 
time-axis expansion of the burst signal in downconvert- 
ing and up-converting the color signal components in a 
video recorder to impart copy protection both to a pre- 
recorded color video signal and to a "live" color video 
signal (e.g. a color signal received in real time). 

In particular, the present embodiments Insert into 
the burst interval a phase-shifted version of the burst 
signal. In one embodiment, the phase-shitted burst sig- 
nal is placed immediately following the usual burst sig- 
nal of normal (or reference) phase, such as shown by 
the hatched area in Fig. 2B, or immediately preceding 
the normal burst signal as shown by the hatched area 
in Fig. 2C, or both preceding and following the normal 
burst signal, as shown by the hatched area in Fig. 2D. 
Here, the phase-shifted burst signal, which acts as the 
copy protection signal, is designated by the reference 
numeral b when the phase-shifted burst signal follows 
the normal burst signal, and by the reference numeral c 
when the phase-shifted burst signal precedes the nor- 
mal burst signal. In Figs. 2A-2D, the normal burst signal, 
that is, the burst signal exhibiting the reference phase, 
is identified by reference numeral a. Assuming the nor- 
mal burst signal is formed of 9 cycles of the chrominance 
subcarrier, the phase-shifted burst signal b is^formed of 
2 cycles of the phase-shitted chrominance subcarrier 
and the phase-shifted burst signal c likewise is formed 
of 2 cycles. In one embodiment, the phase-shifted burst 
signal is 180** out-of-phase with respect to the.reference 

shifted burst signal is 90" out-of-phase. Although other 
phase shifts may be used, the 1 80** and 90** phase shifts 
are preferred. 

Figs. 2A-2D illustrate the envelopes of the burst sig- 
nal, including the Insertion into the burst interval of the 
phase-shifted burst signal, prior to recording thereof. 
That is, the frequency of the chrominance subcarrier de- 
picted in Figs. 2A-2D is about 3.58 MHz. Of course, the 
burst signal and phase-shifted burst signal are down- 
converted for recording on the analog video recorder; 
and when the video signal is reproduced, such burst sig- 
nal and phase-shifted burst signal are up-converted. As 
a result, and as has been described with reference to 
Figs. lA-IB, the reproduced burst signal and phase-shift- 
ed burst signal exhibit time-axis expansion. Fig. 3A il- 
lustrates the copy-protected burst signal prior to record- 
ing (that is, before the burst signal is down-converted) 
and Fig. 3B illustrates the envelope of the copy-protect- 
ed burst signal after reproduction (i.e., after the copy- 
protected burst signal has been down -converted and 



then up-converted). It will be seen from Fig. 38 that the 
reproduced phase-shifted burst signal b' exhibits a du- 
ration greater than the original duration occupied by the 
phase-shifted burst signal b; and, simjiarty, the repro- 

5 duced phase-shifted burst signal c' exhibits a duration 
that exceeds the original duration of the phase-shifted 
burst signal c. Moreover, because of the time-axis ex- 
pansion, the reproduced phase-shifted burst signals b' 
and c' "leak" into the inten/al originally occupied solely 

10 by the normal burst signal of reference phase. This leak- 
age phenomenon tends to compress the reference 
phase burst duration. Nevertheless, the PLL circuit of 
the ARC circuit of the conventional television receiver Is 
too slow (I.e., its inherent time constant is too large) to 

15 lock onto the phase-shifted burst signal. Consequently, 
such PLL circuit with the relatively high time constant 
cannot follow the phase-shifted burst signal, and the in- 
sertion of the phase-shifted burst signal is not sufficient 
to interfere with the PLL circuit of the conventional tele- 

20 vision receiver. 

But, because' of the low time constant of the PLL 
circuit in the video recorder such PLL circuit is fast 
enough to follow the time-axis expanded phase-shifted 
burst signal as well as the normal burst signal. Hence, 

25 the oscillator incjuded in the PLL circuit locks onto the 
phase-shifted burst signal so that when the line interval 
that contains the phase-shifted burst signal is color de- 
modulated, the phase of the color signal differs from the 
phase of the demodulating signal to distort the hue of 

30 that line. That Is, the resultant color signal that is output 
from the video recorder during up-converting causes a 
severely distorted hue for those lines which contain the 
phase-shifted burst signal. 

Referring now to Fig. 4. there is illustrated a block 

35 diagram of apparatus used to insert into a predeter- 
mined location of the burst interval of the color video 
signal the phase-shifted burst signal for a predeter- 

that is, the copy protection signal, is inserted into the 

40 color video signal that is reproduced by a video signal 
reproducing device 1 . although it will be appreciated that 
the copy protection signal may be inserted into a "live" 
color video signal. Examples of the video signal repro- 
ducing device Include a digital video recorder, an analog 

45 video recorder, a laser disk player, a digital video disk 
player, a computer-generated video signal player, a CD- 
ROM player, a video signal receiver, or the like. Prefer- 
ably, digital apparatus is used as or with the video signal 
reproducing device, and it will be appreciated that the 

50 resultant digital video signal obtained therefrom Is con- 
verted to analog form. 

Video signal reproducing device 1 generates from 
a record medium loaded therein a luminance signal Y 
and a color signal C as respectiv outputs on separate 

55 output terminals. The video signal reproducing device 
also generates, as individual outputs, a horizontal syn- 
chronizing signal HD, a vertical synchronizing signal VD 
and a clock signal CLK. the latter constituting a high f re- 



7 EP 0 771 108 A2 8 



quency system clock. For example, the clock signal CLK 
may be generated by a PLL circuit included in video sig- 
nal reproducing device 1 tor the purpose of synchroniz- 
ing the chrominance subcarrier The video signal repro- 
ducing device also is adapted to generate a copy control 
signal which deternnines whether the reproduced color 
video signal should be modified to include a copy pro- 
tection signal (e.g.. to Included the phase-shifted burst 
signal). In Its simplest form, the copy control signal may 
be a "1 " when the color video signal is to be modified 
with a copy protection signal and a "0" when the color 
video signal is not to be so modified; and is generated 
in response to copy control information that may be re- 
corded on and, thus, reproduced from theVecord medi- 
um. 

A timing generator 2 is coupled to video signal re- 
producing device 1 to receive the horizontal and vertical 
synchronizing signals HD and VD and also the clock sig- 
nal CLK to generate the timing control pulses that are 
used to control the insertion of the phase-shifted burst 
signal into the burst interval of the color video signal. 
Such timing control pulses establish the duration of the 
phase-shifted burst signal and the time of occurrence 
thereof; the latter serving to select the predeterniined 
location or locations of the burst interval in which the 
phase-shifted burst stgnal is inserted. Such timing con- 
trol pulses also are used to determine the phase shift 
(e.g., 90**, 180** or other) of the phase-shifted burst sig- 
nal and assure that the frequency of the phase-shifted 
burst signal is identical to the frequency of the normal 
(or reference phase) burst signal: The construction of 
timing generator 2 to achieve the aforenoted functions 
is well within the skill of one of ordinary skill in the art. 

A burst signal generator 3 is coupled to timing gen- 
erator 2 and responds to the timing control pulses gen- 
erated by the timing generator to generate the phase- 
?*^L^^gjL^IlL§i9SSLP^ duration, phase an^djmin^gjeter^ 
"ffiiftga"By tHe ^ pulses! As ^sed herein, the 

"timing" of the phase-shifted burst signal is intended to 
mean the particular location or locations of the burst in- 
terval into which the phase-shifted burst signal is insert- 
ed. In this regard, the timing control pulses include a 
phase control pulse which, as described below in con- 
junction with Figs. 5B-5D, establishes the timing of the 
phase-shifted burst si*gnal. Also, and as will be de- 
scribed in conjunction with Fig. 5D, burst signal gener- 
ator 3 is adapted to change the amplitude of a predeter- 
mined portion (or portions) of the phase-shifted burst 
signal. For example, assuming the amplitude of the 
phase-shifted burst signal is equal to the amplitude of 
the normal, or reference phase, burst signal, the burst 
signaLgenerator is adapted to increase the amplitude of 
the phase-shitted burst signal in a predetermined por- 
tion thereof. Hence, only a portion of the phase-shifted 
burst signal may exhibit a higher gain than the remain- 
der of the phase-shifted burst signal. Thus, the timing 
control pulses generated by timing generator 2 may in- 
clude, in aririitinn to the phase control p ulfiPi, a gain cnn- 



trol pulse which controls the gain of the phase-shifted 
burst signal. 

A burst placing circuit 4 is coupled to video signal 
reproducing device 1 and to burst generator 3 and is 
5 adapted to insert the copy protection signal produced 
by the burst signal generator into the color signal com- 
ponent of the video signal. More particularly, burst plac- 
ing circuit 4 receives the color signal component C and 
the copy control signal produced by the video signal re- 
10 producing device and functions to insert into the burst 
interval of the color signal component the phase-shifted 
burst signal produced by the burst signal generator, de- 
pending upon the state of the copy control signal. In the 
example discussed above, if the copy control signal is 
is a "1", burst placing circuit 4 inserts the phase-shifted 
burst signal produced by burst signal generator 3 into 
the burst interval of the cplor signal C. On the other 
hand, if the copy control signal is a "0", the burst placing 
circuit does not insert the phase-shifted burst signal into 
20 the burst interval. 

A Y/C mixer 5 is coupled to video signal reproducing 
device 1 and to burst placing circuit 4 to mix the lumi- 
nance component Y and the color signal C, the latter 
having been modified by the copy protection signal, to 
2S produce a composite, copy -protected color video signal 
at its output terminal 7. Output terminal 7 may be cou- 
pled to a video recorder and/or to a monitor. If supplied 
to a monitor, it is appreciated the color video signal may 
be suitably displayed as a video picture without notice- 
30 able distortion or deterioration. If an analog video re- 
corder is coupled to output terminal 7, the modified color 
video signal is subjected to down-conversion and then 
up-conversion of the color signal C, resulting in time- 
axis expansion of the modified burst interval (as shown 
35 in Fig. 3B); and as a result, when the reproduced color 
video signal is displayed, substantial distortions and de- 
_ terjoratibn will be present, thus defea tingj h£ ^^^^ 
arice by a viewer ot tne copy-proieciea vioeo signal. 
Luminance signal Y produced by video signal re- 
40 producing device 1 and the copy-protected color signal 
C produced by burst placing circuit 4 are coupled to a 
terminal block 6 which constitutes the so-called S-out- 
put. The S-output includes separated luminance and 
chrominance signals which may be supplied to the S- 
45 input of a high quality video display. Nevertheless, even 
though the color signal C has been modified with the 
copy-protection signal, as aforedescribed, the color vid- 
eo picture displayed therefrom will exhibit no noticeable 
deterioration; but if the color signals at the S-output of 
50 terminal block 6 are recorded and subsequently repro- 
duced by a consumer-type video recorder, the resultant 
picture that is displayed from the reproduced video sig- 
nal will not be satisfactory. 

Figs. 5A-5D illustrate th signals provided in the 
55 horizontal blanking interval of the color video signal as 
a result of the operation of the apparatus shown in Fig. 
4. Fig. 5A is a waveform which illustrates the "normal" 
hnriynntal hiankirtg interval and riApirts thfi hnri/nntal 
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synchronizing signal h followed by the burst signal a, the 
latter being provided in the color signal C supplied to 
bu rst placing circuit 4 by video signal reproducing device 
1. 

Fig. 5B illustrates the phase control pulse included 
in the timing control pulses generated by tinning gener- 
ator 2: and it is seen that burst signal generator 3 re- 
sponds to the phase control pulse to generate the 
phase-shifted burst signal b.at the timing which follows 
the reference phase burst signal. Burst placing circuit 4 
inserts the phase-shifted burst signal, generated by 
burst signal generator 3 into the burst interval, resulting 
In the modified burst interval shown in Fig. 58. 

Fig. 5C illustrates two phase control pulses included 
in the timing control pulses, whereby burst generator 3 
generates two durations of the phase-shifted burst sig- 
nals b and c. Burst placing circuit 4 inserts the phase- 
shifted burst signals b and c into the burst interval, and 
as is seen in Fig. 5C, the duration of the reference phase 
burst signal is compressed. 

Fig. 5D illustrates a phase control pulse similar to 
that shown in Fig. 5Band, in addition, illustrates the gain 
control pulse that may be included in the timing control 
pulses supplied to burst signal generator 3. As dis- 
cussed above, the burst signal generator responds to 
the gain control pulse to increase the gain, or amplitude 
level of a portion of the phase-shifted burst signal, such 
as is shown. It is appreciated that the width of the gain 
control pulse determines the width of that portion of the 
phase-shifted burst signal whose gain is increased. 
Burst placing circuit 4 inserts into the burst interval the 
gain-adjusted phase-shifted burst signal generated by 
burst signal generator 3, resulting in the modified burst 
interval shown in Fig. 5D. 

Turning now to Figs. 6A and 6D, an explanation is 
now provided for the implementation of one embodi- 
ment of the present invention. Fig. 6A illustrates the 



sent those portions o1 th burst int rval in which the 
phase-shifted burst signal is inserted. In one embodi- 
ment, the line intervals of the video signal which contain 
the phase-shifted burst signal, that is. those line inter- 

5 vals which are subjected to copy protection, are includ- 
ed in the vertical blanking interval. In other embodi- 
ments, to be described, line intervals included in the dis- 
play portion of the video picture contain the copy pro- 
tection signal, (that is, the phase-shifted burst signal). 

10 In the embodiment wherein the copy protection sig- 
nal is located in those line intervals which are displayed 
in the video picture, it is preferred to generate a pattern 
of copy-protected lines. Here, the phase-shifted burst 
signal is inserted in a predetermined number of succes- 

75 sive line intervals of the video signal, for example, in two 
successive line Intervals or, alternatively, in four succes- 
sive line intervals, thereby constituting a block. One field 
of the video signal is formed of plural blocks exhibiting 
a repetitive pitch. For example, successive blocks may 

20 be separated by 20 non-modified line intervals or by thir- 
ty non-modified line intervals or forty non-modified line 
intervals, etc. As anther example, successive blocks 
may be separated by one hundred non-modified line In- 
tervals. 

25 In another example, rather than forming plural 
blocks exhibiting a repetitive pitch in only one field of the 
video signal, plural blocks exhibiting the aforementioned 
repetitive pitch may be provided in a frame of the video 
signal. Of course, in this alternative, a "block" Is formed 
30 of two or four successive line intervals into which the 
phase-shifted burst signal has been inserted. 

From Fig. 6B, it will be seen that the phase-shifted 
burst signal may be inserted Into the burst interval in one 
or more of the following locations: tg-ts, t4-t2. t2-t6 and 
35 t4-te. Of course, because of the down-conversion and 
up-conversion processing of the burst signal and the 
phase-shifted burst signal when the copy-protected 
n colonffidcDi?ig hal" i rrr r ^^^ 
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blanking Interval with the following timing notations: t^- 
t2 is the conventional burst interval; \^-X^ is referred to . 40 
as the pre-burst Interval because it Is located immedi- 
ately preceding the conventional burst interval Xy\2- 1^- 
t3 is referred to as the beginning of the burst interval; 
and t4-t2 is referred to as the end of the burst Interval. It 
will be appreciated thai t3-t4 is less than the normal burst 
inten/al; and this occurs because the phase-shifted 
burst signal b and c "leaks" into the normal burst interval. 
Finally, tg-le is referred to as the post-burst interval be- 
cause it occurs immediately following and outside the 
normal burst interval. 

Fig. 6B illustrates a plurality of successive horizon- 
tal line Intervals, for example, four line inten/als, in which 
the copy protection signal, that is, the phase-shifted first 
signal, is Inserted into the burst interval of the color video 
signal. It will be seen that the precise locations of the 
phase-shifted color burst signal in the burst interval in 
each line changes slightly from line to line. Of course, 
the hatched portions shown in Figs. 6A and 6B repre- 
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cussed above, the phase-shifted burst signal "leaks" in- 
to the reference phase burst signal and, additionally, ex- 
hibits time-axis expansion, thereby enlarging the oppor- 
tunity for the PLL circuit of the conventional television 
receiver to follow the phase perturbations of the burst 
signal, resulting in significant detects and deteriorations 
. in the reproduced video picture. 

The selection of the number of successive line in- 
tervals which contain the copy protection signal (i.e., the 
phase-shifted burst signal) is dependent, in part, on the 
susceptability of. conventional television receivers to 
lock onto the phase shitting burst signal that does not 
exhibit time-axis expansion. For example, If a copy-pro- 
tected video signal is a "live" signal or a pre-recorded 
signal, four (or more) successive line intervals may in- 
clude th phase-shifted burst signal if the PLL circuit of 
the television receivers admits of a high time constant, 
and a f wer number of successive line intervals may 
contain the phase-shifted burst signal if the time con- 
stant is lower. 
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Figs. 7A and 7B schematically represent those 
fields of a frame which contain the copy-protected video 
signal shown in Fig. 6B. It is seen that each field or al- 
ternate fields may contain a number of lines having the 
phase-shifted burst signal therein. Alternatively the 
copy protection signal may be inserted into the burst in- 
terval of a predetermined number of lines in every other 
frame. Still further, those lines which contain the copy 
protection signal may exhibit a so-called lattice shape. 

Fig. 8 schematically represents different configura- 
tions in which the phase-shifted burst signal may be in- 
serted into the burst interval. Each hatched area is in- 
tended to identify the phase-shifted burst signal. In an 
actual implementation, one or more of the configura- 
tions may be adopted. It is seen, then, that the phase- 
shifted burst signal may exhibit different durations, as 
depicted in Fig. 8 by reference numerals e, i, j, k and I. 
Hence, the phase-shifted burst signal ot duration e may 
be located in the post-bui^st interval, and is seen to com- 
mence when the normal burst interval ends and termi- 
nates a number of cycles (e.g., 2 cycles of the subcar- 
rier) thereafter The phase-shifted burst signal i is pro- 
vided in the end of the burst interval t4-t2 and is seen to 
follow the reference phase burst signal. Phase-shifted 
burst signals e and i may be combined. Phase-shifted 
burst signal j is located in a central portion of the burst 
inten/al and is preceded and followed by the reference 
phase burst signal. Phase-shifted burst signal k is pro- 
vided at the beginning of the burst inten/al t^-tg and sim- 
ply precedes the reference phase burst signal. Phase- 
shifted burst signal 1 is located in the pre-burst interval 
tg-t-i and also in the beginning of the burst inten^al t-,-t3 
and is seen to commence before the burst inten/al be- 
gins and terminate in the burst interval but before the 
reference phase burst signal begins. Since the circuitry 
used in consumer-type analog video recorders may dif- 
fer from one manufacturer to another and from model to 



gradually decreased from line to line at the ending por- 
tion of the block, as schematically depicted in Fig. 9. 
Here, portion m of the phase-shifted burst signal repre- 
sents the gradual increase in the duration thereof, that 
5 is, a gradual increase in the duration of the phase-shift- 
ed burst signal e, and portion n represents the gradual 
decrease in the duration of the phase-shifted burst sig- 
nal. 

While the present invention has been particularly 
10 shown and described with reference to preferred em- 
bodiments, it will be readily appreciated by those of or- 
dinary skill in the art that various changes and modifica- 
tions fnay be made without departing from the scope of 
the invention. Some of these changes have been dis- 
75 cussed and suggested above. Additionally although 
burst signal generator 3 and burst placing circuit 4 (Fig. 
4) insert the phase-shifted burst signal into the burst in- 
terval, it will appreciated that the reference phase burst 
signal may itself be phase modulated to achieve the 
20 same effect. That is, by phase modulation, the phase of 
predetermined portions of the burst signal may be 
changed. 

It is intended that the appended claims be interpret- 
ed as including those embodiments which have been 
25 ' specifically described herein as well as all equivalents 
thereto, some of which have been described above and 
others will be apparent to those of ordinary skill in the art. 



30 Claims 

1 . A method of preventing an analog color video signal 
from being satisfactorily copied by an analog video 
recorder, wherein said analog color video signal in- 

35 eludes a color burst signal of reference phase locat- 
ed in a burst interval in respective line intervals, said 

method comprising the steps of: generating a 



'ariu lh 'eir vOheri ' diftelrfeH t bb'mbih^liohi^ ' t 
ed burst signal shown in Fig. 8 are used, success in pre- 
venting the video recorder from satisfactorily copying 
the copy-protected video signal is virtually assured. Al- 
ternatively different line intervals of the copy-protected 
video signal may contain different ones of the phase- 
shifted burst signals shown in Fig.'B. For example, one 
line may contain phase-shifted burst signal e, another 
may contain phase-shifted burst signal i, another may 
contain phase-shifted burst signal j, and so on. 

It is possible that flicker in the displayed video pic- 
ture reproduced from a "live" or pre-recorded copy-pro- 
tected video signal may be present in the boundary be- 
tween the line interval which contains the phase-shifted 
burst signal e and the next-following line interval which 
does not contain the phase-shifted burst signal. For ex- 
ample, if a block of 4 successive lines contains the 
phase-shifted burst signal e, such flicker may be 
present. To avoid this possibility, the duration of the 
phase-shifted burst signal is gradually increased from 
line to line at the beginning portion of the block and is 
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Chinee coior Durst signai; ana insening saic 
phase-shifted color burst signal in a predetermined 
location for a predetermined durati'on in said burst 
interval. 



2. The method of Claim 1 wherein said predetermined 
location precedes said color burst signal of refer- 

-^5 ence phase. 

3. The method of Claim 2 wherein said predetermined 
duration commences before said burst interval be- 
gins and terminates in said burst interval. 

so 

4. The method of Claim 1 wherein said predetermined 
location follows said color burst signal of reference 
phase. 

55 5. The method of Claim 4 wherein said predetermined 
duration commences when said burst inten/al ends. 

6. The method of Claim 4 wherein said predfttermined 
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duration commences before said burst interval 
ends and terminates a number of burst signal cycles 
after said burst interval ends. 

7. The method of Claim 1 wherein said predetermined 
location both precedes and follows said color burst 
signal of reference phase. 

8. The method of Claim 1 wherein said predetermined 
location is in a central portion of said burst interval. 

9. The method of Claim 1 wherein said phase-shifted 
color burst signal exhibits an amplitude substantial- 
ly equal to that of the color burst signal of reference 
phase; and further comprising the step of changing 
the amplitude of only a portion of said phase-shifted 
color burst signal. 

10. The method of Claim 9 wherein said amplitude of 
only said portion of said phase-shifted color burst 
signal is increased. 

11. The method of Claim 1 wherein said phase-shifted 
color burst signal is inserted in a predetermined 
number of successive line intervals of said analog 
color video signal, thereby constituting a block of 
line intervals, and a predetermined field of said an- 
alog color video signal is formed of plural blocks ex- 
hibiting a repetitive pitch. 

12. The method of Claim 1 wherein said phase-shifted 
color burst signal is inserted in a predetermined 
number of successive line intervals of said analog 
color video signal, thereby constituting a block of 
line intervals, and a frame of said analog color video 
signal is formed of plural blocks exhibiting a repet- 
itive pitch. 

13. The method of Claim 1 wherein said analog color 
video signal includes a vertical blanking interval; . 
and wherein said phase-shifted color burst signal is 
inserted in predetermined line intervals of said ver- 
tical blanking interval. 

14. The method of Claim 4 wherein said phase-shifted 
color burst signal is Inserted in a predetermined 
number of line intervals constituting a block; and 
wherein said predetermined duration gradually in- 
creases from line to line in those lines constituting 
a beginning portion of said block and gradually de- 

. creases from line to line in those lines constituting 
an ending portion of said block. 

15. The method of Claim 1 wherein said phase-shifted 
color burst signal is phase shifted by ISC'* relative 
to said reference phase. 

16. The method of Claim 1 wherein said phase-shifted 



color burst signal is phase shifted by 90* relative to 
said reference phase. 

17. Apparatus for preventing an analog color video sig- 
5 nal from being satisfactorily copied by an analog 

video recorder, wherein said analog color video sig- 
nal includes a color burst signal of reference phase 
located in a burst interval in respective line intervals, 
said apparatus comprising: 

10 

copy protection generating means for generat- 
ing a phase-shifted color burst signal; and 
.insertion means. for inserting said phase-shift- 
ed color burst signal in a predetermined loca- 
ls tion for a predetermined duration in said burst 
interval. 

18. The apparatus of Claim 17 wherein said predeter- 
mined locatbn precedes said color burst signal of 

20 reference phase. 

19. The apparatus of Claim 18 wherein said predeter- 
mined duration commences before said burst inter- 
val begins and terminates in said burst interval. . 

2^ , . - 

20. The apparatus of Claim 17 wherein said predeter- 
mined location follows said color burst signal of ref- 
erence phase. 

30 21. The apparatus, of Claim 20 wherein said predeter- 
mined duration commences when said burst inter- 
val ends. 

22. The apparatus of Claim 20 wherein said predeter- 
55 mined duration commences before said burst inter- 
val ends and terminates a number of burst signal 
cycles after said burst interval ends. 



23. The apparatus of Claim 17 wherein, said predeter- 
40 . mined location both precedes and.follows said color 

burst signal of reference phase. 

24. The apparatus of Claim 17 wherein said predeter- 
mined location is in a central portion of said burst 

45 interval. 

25. The apparatus of Claim 17 wherein said phase- 
shifted color burst signal exhibits an amplitude sub- 
stantially equal to that of the color burst signal of 

50 reference phase; and said copy protection generat- 
ing means is operable to change the amplitude of 
only a portion of said phase-shifted color burst sig- 
nal. 

55 26. The apparatus of Claim 25 wherein said copy pro- 
tection generating means increases the amplitude 
of only said portion of said phase-shifted color burst 
signal. 
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27. The apparatus of Claim 17 wherein said insertion 
means is operable to insert said phase-shifted color 
burst signal in a predetermined number of succes- 
sive line intervals of said analog color video signal, 
thereby constituting a block of line intervals, and to 
construct a predetermined field of said analog color 
video signal with plural blocks exhibiting a repetitive 
pitch. 

28. The apparatus of Claim 17 wherein said insertion 
means is operable to insert said phase-shifted color 
burst signal in a predetermined number of succes- 
sive line intervals of said analog color video signal, 
thereby constituting a block of line Intervals, and to 
construct a frame of said analog color video signal 
with plural blocks exhibiting a repetitive pitch. 



35. The medium of Claim 34 wher in said predeter- 
mined duration commences before said burst inter- 
• val begins and terminates in said burst Interval. 

5 36. The medium of Claim 33 wherein said predeter- 
mined location follows said color burst signal of ref- 
erence phase. 

37. The medium of Claim 36 wherein said predeter- 
^0 mined duration commences when said burst inter- 
val ends. 

38. The medium of Claim 36 wherein said predeter- 
mined duration commences before said burst inter- 

^5 val ends and terminates a number of burst signal 
cycles after said burst Interval ends. 



29. The apparatus of Claim 17 wherein said analog 
color video signal includes a vertical blanking inter- 
val; and wherein said Insertion means Is operable 
to insert said phase-shifted color burst signal in pre- 
determined line intervals of said vertical blanking in- 
terval 

30. The apparatus of Claim 20 wherein said insertion 
means is operable to insert said phase-shifted color 
burst signal in a predetermined number of line in- 
tervals constituting a block and to gradually in- 
crease said predetermined duration from line to line 
In those lines constituting a beginning portion of 
said block and to gradually decrease said predeter- 
mined duration from line to line In those lines con- 
stituting an ending portion of said block. 

31. The apparatus of Claim 17 wherein said phase- 
shifted color burst signal is phase shifted by 180** 
relative to said reference phase. 

32. The apparatus of Claim 17 wherein said phase- 
shifted color burst signal is phase shifted by 90** rel- 
ative to said reference phase. 

33. A copy-protected record medium on which is re- 
corded a color video signal that Is not satisfactorily 
copyable by an analog video recorder, said color 
video signal including a copy control signal and, 
when recovered for analog recording includes a 
color burst signal of reference phase located in a 
burst interval in respective line intervals with the 
burst interval having a predetermined location in 
which, during reproduction, a phase-shifted color 
burst signal is inserted for a predetermined duration 
in response to said copy control signal. 



39. The medium of Claim 33 wherein said predeter- 
mined location both precedes and follows said color 

20 burst signal of reference phase. 

40. The medium of Claim 33 wherein said predeter- 
mined location is in a central portion of said burst 
interval. 

25 

41. The medium of Claim 33 wherein said phase-shift- 
ed color burst signal exhibits an amplitude substan- 
tially equal to that of the color burst signal of refer- 
ence phase; the amplitude of only a portion of said 

30 phase-shifted color burst signal having a larger am- 
plitude. 



42, The medium of Claim 33 wherein said phase-shift- 
ed color burst signal is inserted in a predetermined 
number of successive line intervals of said recov- 
ered color video signal, thereby constituting a block 
of line interval s, and a predetemnined field of_said^ 
recovered cbibr~viaeo~signai is Tormea ot piurai 
blocks exhibiting a repetitive pitch. 
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40 



45 



so 



43. The medium of Claim 33 wherein said phase-shift- 
ed color burst signal is inserted in a predetermined 
number of successive line inten/als of said recov- 
ered color video signal, thereby constituting a block 
of line intervals, and a frame of said recovered color 
video signal is formed of plural blocks exhibiting a 
repetitive pitch. 

44. The medium of Claim 33 wherein said recovered 
color video signal includes a vertical blanking inter- 
val; and wherein said phase-shifted color burst sig- 
nal is inserted in predetermined line intervals of said 
vertical blanking interval. 



34. The medium of Claim 33 wherein said predeter- 
mined location precedes said color burst signal of 
reference phase. 



55 45. The medium of Claim 36 wherein said phase-shift- 
ed color burst signal is inserted in a predetermined 
number of line intervals of the recovered color video 

signal, constituting a hinnk; and wherein said pre- 
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determined duration gradually increases f ronn line 
to line in those lines constituting a beginning portion 
of said block and gradually decreases f ronn line to 
line in those lines constituting an ending portion ot 
said block. s 

46. The medium of Claim 33 wherein said phase-shift- 
ed color burst signal is phase shifted by 180** rela- 
tive to said reference phase. 

10 

47. The medium of Claim 33 wherein said phase-shift- 
ed color burst signal Is phase shifted by 90' relative 
to said reference phase. 
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